Large amounts of sand and dust are continually lifted from bare, dry soils into the atmosphere and transported downwind affecting regions hundreds to thousands of kilometers away. For countries in and downwind of arid regions, airborne sand and dust present serious risks to the environment, human health and economy.
Introduction
Under favorable conditions, large amounts of sand and dust are lifted from bare, dry soils into the atmosphere and transported downwind affecting regions hundreds to thousands of kilometers away. The dust emission is produced by the combination of two different processes: saltation -horizontal motion of particles in a turbulent layer and sandblasting -release of particles when the saltators impact the surface (Gomes et al., 1990) . The amount of mobilized dust depends on several atmospheric and soil parameters, with wind speed, atmospheric stability, surface roughness, soil texture and moisture, and vegetation among them. The released particles present regionally specific mineralogical, chemical, physical, and optical properties (Schepanski et al., 2009) . For countries in and downwind of source regions, airborne dust represents a significant threat to the environment, property and human health. First, dust storms cause soil loss and damage to crop plants, thereby reducing agricultural productivity (Sivakumar, 2005) . Then, when suspended in the atmosphere, dust particulate plays an important role in different aspects of the climate system such as radiation budget (Tegen and Fung, 1994) , cloud microphysics (Lohmann, 2002) or atmospheric chemistry (Dentener et al, 1996) . It has negative impact on human health, causing respiratory and cardio-vascular problems, eye infections and, in some regions, diseases such as meningitis and valley fever (Griffin and Kellogg, 2004) . Figure 1 shows the map of the so-called African meningitis belt, where disease outbreaks are closely related to the occurrence of sand and dust storms. The main effects on the economy are related to reduced visibility, affecting aircraft and road transportation, and polluted air, affecting semiconductor industry or solar energy plants. Finally, when deposited onto soil or ocean surfaces, mineral dust can have beneficial effects on certain ecosystems, such as Central and South American rain forests, which get most of their mineral nutrients from the Sahara, and iron-poor ocean regions, which get this metal and allow increased biomass growth (Prospero, 1996) . 
The WMO SDS-WAS programme
The World Meteorological Organization (WMO) has taken the lead to develop and implement a Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS). The mission of the WMO SDS-WAS is to enhance the ability of countries to deliver timely and quality sand and dust storm forecasts, observations, information and knowledge to users through an international partnership of research and operational communities. The main objectives of the programme are to identify and improve SDS products through consultation with research, operational and user communities, to provide user communities access to forecasts, observations and information, and to build capacity of countries to utilize SDS observations, forecasts and analysis products The Regional Center for Northern Africa, Middle East and Europe, hosted by Spain, is managed by a consortium that includes the Meteorological State Agency (AEMET) and the Barcelona Supercomputing Center (BSC-CNS). It develops and maintains a webbased portal (http://www.bsc.es/sds-was) for user access to value-added observational and forecast products as well as sources of basic information and research products. The portal provides the National Meteorological and Hydrological Services with the necessary input to issue dust-related warnings. A comprehensive observational network is fundamental to any mineral dust forecasting and early warning system for real-time monitoring, validation and verification of numerical prediction models and eventual data assimilation schemes. The main data sources are in-situ measurements, aerosol optical depth and derived products retrieved from ground-based radiometer measurements and satellite products.
In-situ measurements of particulate matter concentration and size distribution are common in Europe, but very scarce, intermittent and rarely near-real-time available in Africa, close of the main source regions. Indirect, qualitative, real-time information can be found in weather reports produced in synoptic stations and airfields. The program's web portal displays visibility and present weather from a large number of stations in South Europe, Africa and Middle East. Ground-based aerosol remote sensing does not provide global coverage; however, its numerous spectral measurements of solar radiation are well suited to reliably and continuously derive aerosol optical properties. AERONET (AErosol RObotic NETwork) is a federation of ground-based remote sensing aerosol networks. It provides observations of spectral aerosol optical depth and inversion products in geographically diverse aerosol regimes (Figure 2) . Discrimination of aerosol types can be done from the AOD and its spectral variations (Gobbi et al., 2007) Figure 2: Aerosol optical thickness in Tamanrasset, Algeria, on 4 July 2010. AERONET The SEVIRI instrument onboard the MSG satellites allows generation of RGB products (Figure 3 ) that offer a qualitative detection of dust clouds with a good spatial and time resolution and an excellent and permanent coverage of the SDS-WAS RC geographical domain. These products are very important in dust monitoring, nowcasting and model verification. Furthermore, efforts of different teams aimed to develop a quantitative product for the estimation of the aerosol total-column optical depth are yielding promising results (Figure 4) . On the other hand, products derived from instruments such as MODIS, SeaWifs, OMI, AVHRR or CALIPSO onboard polar satellites and, therefore, with a lower time resolution and without permanent coverage, may help to estimate horizontal and vertical distribution, species differentiation, size distribution and optical properties of aerosols. Finally, the SDS-WAS implementation plan recognizes that for success in the long term, it is important to establish a mix of research and operational activities with a strong dialog and link to capacity building. This implementation plan considers the following research focuses as a priority for further development of the SDS-WAS:
• Advanced observation methods and production of dust climatologies.
• Dust models (4D assimilation, physical parameterizations, validation (Figure 6 ), intercomparison, ensemble prediction systems) • Weather and climate models: inclusion of dust radiative forcing, photochemistry and dust effects on cloud microphysics.
• Dust impacts (health, marine productivity, etc.) 
Plans for future developments
In-situ measurements allow determination of Total Suspended Particulate (TSP) or the concentrations of particulate matter with aerodynamic diameter lower than 10, 2.5 or 1.0 micrometers (PM10, PM2.5, PM1). The access to near-real-time date may be useful for dust monitoring and model validation and verification. Lidar observations can strongly contribute to quantify dust vertical distribution by means of vertical profiles of desert dust optical properties (Figure 7) . It is expected to incorporate information from EARLINET and MPLNET networks into the SDS-WAS web portal. The exchange of forecast model products is recognized as a core part of the Implementation Plan of the SDS-WAS programme and a basis for the joint near realtime verification activities. All model outputs will be drawn for the reference area (30ºW to 70ºE, 0º to 70ªN) using a common color palette. A web page will be built for every variable, allowing side by side visualization of the different models at the same forecasting time (figure 8). Finally, after resampling the model outputs to common gridpoints, it is planned to generate median multi-model products. The web portal is the basic means to distribute dust-related products between users. But Internet connections in Africa are scarce and low quality. To overcome it, an agreement with EUMETSAT has been reached to include dust-related products in the EUMETCast transmissions for Africa (Figure 9 ). The products to be disseminated are model outputs from different partners, an eventual multi-model composite forecast and observational products, especially the EUMETSAT RGB-dust product. 
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